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Abstract
Background: The aims of the study were (i) to examine global quality of life (GQOL) before fracture in patients with
low-energy wrist or hip fracture compared with an age- and sex-matched control group, and (ii) to identify relationships
between demographic variables, clinical fracture variables, and health- and global-focused quality of life (QOL) prior to
fracture.
Methods: Patients with a low-energy fracture of the wrist (n = 181) or hip (n = 97) aged ≥ 50 years at a regional hospital
in Norway and matched controls (n = 226) were included. The participants answered retrospectively, within two weeks
after the fracture, a questionnaire on their GQOL before the fracture occurred using the Quality of Life Scale (QOLS),
and health-focused QOL using the Short Form-36, physical component summary, and mental component summary
scales. A broad range of clinical data including bone density was also collected. ANOVA and multiple linear regression
analysis were used to analyse the data.
Results: Osteoporosis was identified in 59% of the hip fracture patients, 33% of the wrist fracture patients, and 16% of
the controls. After adjusting GQOL scores and the three sub-dimensions for known covariates (sociodemographics,
clinical fracture characteristics, and health-focused QOL), the hip patients reported significantly lower scores compared
with the controls, except for the sub-dimension of personal, social, and community commitment (p = 0.096). Unadjusted
and adjusted GQOL scores did not differ between the wrist fracture patients and controls. Sociodemographics (age, sex,
education, marital status), clinical fracture variables (osteoporosis, falls, fracture group) and health-focused QOL
explained 51.4% of the variance in the QOLS, 35.2% of the variance in relationship and marital well-being, 59.3% of the
variance in health and functioning, and 24.9% of the variance of personal, social, and community commitment.
Conclusion: The hip fracture patients had lower GQOL before the fracture occurred than did controls, even after
adjusting for known factors such as sociodemographics, clinical variables and health-focused QOL. The findings suggest
that by identifying patients with low GQOL, in addition to other known risk factors for hip fracture, may raise the
probability to target preventive health care activities.
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Low-energy fracture may be understood as result of a com-
plexity of many factors related to disease, events and cir-
cumstances that may lead to injury, ultimately resulting in
fracture [1-6]. Osteoporosis is a well known risk factor for
low energy fractures, and Norway has a high incidence of
fractures related to osteoporosis compared to the rest of
the world [7-10]. Furthermore, most patients with a low-
energy fracture are elderly. In Norway it is expected a
growing number of elderly people in the years to come,
and thereby one may expect an increasing number of low-
energy fractures [11,12]. These facts highlight the need to
focus on the complexity of issues related to the occurrence
of low energy fractures in the elderly population.
In addition to osteoporosis, age, gender, lifestyle, falls,
and concomitant medical conditions are among known
risk factors for low-energy fractures [2,5,13-15]. However,
also psychological, social and environmental characteris-
tics may influence on whether or not people fall, which in
turn results in fractures [16-20]. The individuals' global
quality of life (GQOL), understood as satisfaction with
life [19,21], may be one such factor that may add explana-
tions to the complexity of fractures [19,20]. Research has
found that GQOL is related to perceived general health,
functioning, and symptom load [16,18-20,22]. Poor func-
tioning and symptom load may result in falls, which in
turn result in fractures [2,5,6,9,10,14,15,23,24]. Knowl-
edge of GQOL prior to fracture in combination with
objective factors which might be associated with the
occurance of low energy fractures, might increase the pos-
sibility for health promoting activities in specific risk
groups. Therefore, it is of interest to look further into the
issue of GQOL prior to low-energy fractures.
Wrist and hip fractures are the most common types of
low-energy fractures. The Scandinavian countries have the
highest incidence of hip fracture in the world, and there is
no clear explanation of the reasons for this [8,9,25,26].
Hip fracture patients are typically characterised by older
age, and large complexity in their underlying conditions,
co morbidities, and clinical histories prior to fracture
[2,8,9,13,24,27]. When it comes to wrist fracture patients
less is known about characteristics prior to the fracture.
However, patients with wrist fractures are mostly elderly
without severe morbidities and clinical histories
[10,24,28]. In both hip and wrist fractures studies have
been preformed to evaluate health – focused quality of life
(QOL) issues such as function, well-being, disability and
personal evaluation of health phenomena, prior to the
fracture. These studies suggest that hip fracture patients
have reduced health-focused quality of life even before
the fracture occur [29-32]. The wrist patients have a mod-
est decrease in health-focused quality of life within physi-
cal domain and scores in accordance with controls within
mental domain assessed up to two years before the frac-
ture [29]. However, little is known about perception of
GQOL, understood as satisfaction with life, in low-energy
fractures in hip and wrist. To our best knowledge no stud-
ies have been performed with this perspective in low-
energy hip and wrist fracture patients.
A broader perspective on the characteristics related to the
occurrence of low-energy fractures, including pre-fracture
GQOL, may lead to a better understanding of the com-
plexity of the circumstances related to low-energy frac-
tures in wrist and hip, which in turn may leave
opportunities to identify groups of individuals who might
benefit from prevention efforts [18,20]. Based on this
background, the aims of this study are:
(i) to examine GQOL prior to fracture in patients with
low-energy wrist or hip fractures compared with an age-
and sex-matched control group, and
(ii) to identify relationships between demographic varia-
bles, clinical fracture variables, health-focused QOL, and
GQOL prior to fracture.
Materials and methods
Design
We used a comparative cross-sectional study design that
included elderly patients with low-energy wrist and hip
fractures and sex- and age-matched control subjects ran-
domly selected from the general population within the
study's catchments area. The patients were retrospectively
asked to describe their situation before the fracture
occurred within a short time span after the fracture or
before being included in the study in the controls. The
study was approved by the Regional Committee for Med-
ical Research Ethics and the National Data Inspectorate.
Patients and control subjects
Patients with low-energy fractures
Patients with low-energy wrist or hip fractures aged 50
years and older treated at a regional hospital in the south-
ern part of Norway from January 2004 to December 2005
were invited to the Osteoporosis Centre for assessment of
bone mineral density (BMD) and health status. The Oste-
oporosis Centre is organized around a fracture liaison
service [33]. The fundamental principle is that nurses
identify all patients treated at the hospital for low-energy
fractures and invite the patients to an osteoporosis assess-
ment. Using the risk factors identified, a physician consid-
ers the need for non-pharmacological and
pharmacological actions to prevent future fractures.
Before inclusion in this study, we confirmed that the frac-
ture was not a result of high-energy trauma and was
caused only by minimal trauma according to the defini-
tion of low-energy fracture [34]. We excluded patientsPage 2 of 11
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patients not capable of giving informed consent, and
patients not capable of speaking Norwegian.
Data was collected over two years. During this period, 324
wrist fracture patients and 456 hip fracture patients with a
low-energy fracture were treated at the hospital; 249 of the
patients with a wrist fracture and 307 of those with a hip
fracture were examined at the Osteoporosis Centre. Sixty-
eight wrist and 210 hip fracture patients were excluded
(21 wrist patients and 134 hip patients) or were unwilling
to participate in the study (47 wrist patients and 76 hip
patients). The final study sample comprised 181 wrist
fracture patients (response rate 66%) and 97 hip fracture
patients (response rate 52%). Three hip fracture patients
who also had a wrist fracture were counted as hip fracture
patients only. All patients were examined after surgery.
The median time between fracture and examination at the
Osteoporosis Centre was 10 days (interquartile range; 13)
for wrist fracture patients and four days (interquartile
range; 2) for hip fracture patients.
Thirty of the patients with a wrist fracture and 251 of those
with a hip fracture were excluded from the examination at
the osteoporosis centre or from participating in the study
because of dementia or because they were unable to give
informed consent. Fifteen of the wrist and seven of the hip
patients were tourists. Six wrist and 13 hip fracture
patients were excluded due to other exclusion criteria.
Controls were identified randomly from the national reg-
istry for the catchment area and were invited to participate
in the study by mail. We aimed to include one control per-
son who was matched for age and sex for each patient. A
total of 389 potential control subjects were invited to par-
ticipate, of whom 226 were willing to participate
(response rate of 58%). Despite several attempts, we were
unable to find age- and sex-matched control subjects for
some of the patients aged 75 years and older.
Instruments
Demographic and clinical variables
Demographic data, BMI, whether the patients and con-
trols exercised for at least 30 minutes three times a week
(yes/no), co-morbidity, medication, smoking habits, and
the number of falls before the fracture or inclusion in the
control group were recorded. Falls, fracture groups or con-
trols, and osteoporosis were regarded as clinical fracture
variables in the multiple regression analyses.
Bone density measurements
Four trained nurses took standardized BMD measure-
ments at lumbar spine L2–L4 and both hips using the
same dual-energy X-ray absorptiometry (DXA) equipment
(General Electric, Lunar Prodigy). The machine was stable
over the entire measurement period. The in vivo coeffi-
cient of variation for the measurement procedure was
1.19% at lumbar spine L2–L4, 0.95% at the right total hip,
and 0.89% at the left total hip. The BMD measurements
were expressed as T-scores (SD) calculated on the basis of
the reference value in the DXA machine provided by the
manufacturer. Osteoporosis was defined as a T-score ≤ -
2.5 SD according to the World Health Organization
(WHO) definition for osteoporosis [34].
GQOL: Quality of Life Scale (QOLS)
The Quality of Life Scale (QOLS) is a 16-item, domain-
specific instrument adapted by Burckhardt et al. [35] for
use with chronic disease patients. In this questionnaire,
GQOL is understood as a broad range of human experi-
ences related to one's overall well-being and satisfaction
[35-38]. The QOLS is a self-administered questionnaire.
In our study, the patients were asked to rate their level of
satisfaction with the above-mentioned dimensions at the
time before the fracture. The items are rated at a 7-point
satisfaction scale. For incomplete questionnaires, the
missing values were replaced with the mean value of the
answered questions of the respondent if 80% of the ques-
tions were completed [16].
The questionnaire is scored by adding up the items to
obtain a total score from a minimum of 16 to a maximum
of 112. Higher scores indicate better GQOL. Burckhardt et
al. [21,39] suggested that the QOLS comprising three sub-
dimensions: relationship and marital well-being (items 3,
4, 5, 6, and 14); health and functioning (items 1, 2, 11,
15, and 16); and personal, social, and community com-
mitment (items 7, 8, 9, 10, 12, and 13) [21,38]. The three
dimensions are scored by summing the scores for each
item in the dimension. The questionnaire has satisfactory
reliability and validity and has been tested for psychomet-
ric properties in several countries, including Norway
[21,39-41]. The Cronbach's alpha in our study was 0.87
for the total score, 0.67 for the relationship and marital
well-being score, 0.70 for the health and function score,
and 0.76 for the personal, social, and community com-
mitment score. The correlations between the sub-dimen-
sions range from r = 0.54 (relationship and marital well-
being, and personal, social, and community commit-
ment) to r = 0.63 (health and function, and personal,
social, and community commitment), demonstrating a
moderate correlation between the dimensions [42].
Health-focused QOL: Short Form-36 (SF-36)
The Short Form-36 (SF-36) was used to assess health-
focused QOL. The fracture patients were asked to evaluate
their health status in the four weeks before the fracture
and the control group in the four weeks before the BMD
assessment at the Osteoporosis Centre. The Medical Out-
come Study (MOS) SF-36 is a self-reported, genericPage 3 of 11
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includes eight domains (general health, bodily pain,
physical functioning, role limitations physical, mental
health, vitality, social functioning, and role limitations
emotional), which can be combined into a physical and
mental subscale. These physical component summary
(PCS) and mental component summary (MCS) scales
were used in this study. The SF-36 scales were scored
according to published scoring procedures, and each was
expressed as a value from 0 to 100, with 100 representing
excellent health [43,44]. This questionnaire has satisfac-
tory reliability and validity. The questionnaire has been
tested thoroughly for psychometric properties in several
countries, including Norway [45,46]. Chronbach's alpha
in our study in the eight SF-36 domains were 0.85 for bod-
ily pain, 0.57 for general health, 0.91 for physical func-
tion, 0.91 for role limitation physical, 0.82 for mental
health, 0.87 for vitality, 0.85 for social function and 0.78
for role limitation emotional.
Statistical analysis
Statistical analysis was carried out using the Statistical
Package for Social Sciences (SPSS) for Windows (version
14.0). Demographic and clinical variables were compared
between groups using the chi-square test for categorical
variables and ANOVA with Bonferroni adjustment for
continuous variables.
Multiple linear regression analysis (procedure GLM in
SPSS) was used to assess the unadjusted and adjusted dif-
ferences in the QOLS data prior to fracture between
groups (wrist fracture patients versus controls and hip
fracture patients versus controls). The QOLS score was
transformed to Z-scores when used as a dependent varia-
ble in the multiple regression analysis. Independent vari-
ables were entered in a block-wise manner; demographic
variables (age, sex, education level, and marital status)
were entered in the first block, clinical fracture variables
(osteoporosis, falls, and fracture groups or controls) were
entered in the second block, and finally health-focused
QOL (SF-36 PCS and SF-36 MCS) scores were entered. The
unstandardized regression coefficients were used as effect
parameters, and, because the Z-scores were used as
dependent variables, these coefficients may be interpreted
as standard difference scores (S-scores); i.e., they allow for
comparisons of effect sizes across different independent
variables in the unadjusted and adjusted analyses. The val-
ues of the regression coefficients were interpreted accord-
ing to Cohen's effect size index, in which coefficients in
the range 0.2–0.5 are defined as indicating a small differ-
ence, 0.5–0.8 a moderate difference, and 0.8 or more a
large difference [47]. In the final regression analyses, we
also transformed PCS and MCS to Z-scores.
Interactions between pairs of independent variables were
tested, one pair at a time. The level of significance was set
at 0.05.
Results
Patients and the control group
Differences in demographics and clinical characteristics
prior to fracture between the study groups are shown in
Table 1. The hip fracture patients were on average eight
years older than both the wrist fracture patients and the
controls (p = 0.003). The excluded wrist patients (mean
age, 76.0 ± 11.5 years) on average were nine years older
than the wrist patients accepted into the study (p < 0.001).
The wrist patients who were unwilling to participate
(mean age, 71.8 ± 11.2 years) on average were five years
older than the participants (p < 0.001). The excluded hip
patients (mean age, 84.0 ± 8.0 years), on average were
nine years older than the patients in the study (p < 0.001),
and the hip patients who were unwilling to participate
(mean age, 81.0 ± 8.0 years), were six years older than the
included patients (p < 0.001).
Both the wrist and the hip fracture patients had signifi-
cantly lower BMI than the controls (p < 0.001). The hip
fracture patients had less years of education than the con-
trols (p = 0.006). Compared with the controls and the
wrist fracture patients, the hip fracture patients exercised
less (p = 0.008), tended to fall more often (p = 0.023), and
were more likely to smoke (p = 0.001). Osteoporosis at
one or both of the total hip or lumbar spine L2–L4 was
found in 33% of the wrist fracture patients, 59% of the hip
fracture patients, and 16% of the controls. The difference
in frequency of osteoporosis between the three groups
was significant (Table 1).
The correlation between the overall QOLS score and PCS
prior to fracture was r = 0.42 (p < 0.001) and between
QOLS and MCS, r = 0.58 (p < 0.001) in the entire study
population. The hip fracture patients reported a signifi-
cantly lower PCS score than both the control group and
the wrist fracture patients (p < 0.001). The MCS score was
significantly lower in the hip fracture patients than in the
control group (p = 0.040). Some of these differences
between the hip patients and controls might be related to
the older age of the hip patients.
Co-morbidities such as heart diseases (p = 0.002), lung
diseases (p = 0.036), and urogenital diseases (p = 0.003)
were reported significantly more frequently by the hip
fracture patients than by both the wrist fracture patients
and the controls. Menopause status and mean age at men-
opause did not differ between the female fracture patients
and controls.Page 4 of 11
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patients and controls prior to fracture
The wrist fracture patients and the control group reported
significantly higher total QOLS scores than the hip frac-
ture patients (p < 0.001). The same pattern was seen for
the two sub-dimensions of QOLS: relationship and mari-
tal well-being, and health and functioning (both p <
0.001). Scores for personal, social, and community com-
mitment were significantly lower in the hip fracture
patients than in the controls (p = 0.004). The GQOL
Table 1: Demographics and clinical variables in the wrist fracture patients, hip fracture patients, and the control group.
Wrist Hip Control group p value*
n = 181 n = 97 n = 226
Demographics
Age (years) 66.9 (9.9) 74.9 (9.8) 66.8 (9.0) 0.003 bc
Females 161 (89) 71 (73) 192 (85) 0.003 bc
BMI (kg/m2) 25.4 (4.3) 23.1 (4.0) 26.6 (4.3) < 0.001 abc
Education level 0.040 b
< 10 years 62 (37) 40 (48) 88 (39)
11–13 years 70 (42) 29 (35) 70 (31)
> 13 years 36 (21) 14 (17) 67 (30)
Cohabiting 92 (53) 34 (36) 152 (68) < 0.001 abc
Regular exercise** 134 (74) 57 (59) 169 (77) 0.008 bc
Current smoker 29 (16) 29 (30) 30 (13) 0.001 bc
Clinical characteristics
Current glucocorticoids 12 (7) 12 (13) 3 (1) < 0.001 ab
Current calcium and/or vitamin D 40 (22) 20 (21) 50 (22) 0.950
Current ART 26 (14) 9 (9) 13 (6) 0.013 a
Previous fracture(s) 97(54) 46 (48) 97 (45) 0.175
≥ 1 fall in previous year 75 (47) 48 (53) 67 (36) 0.023b
Osteoporosis*** 60 (33) 57 (59) 37 (16) < 0.001 abc
Health-focused QOL (SF-36)
SF-36 PCS**** 50.9 (9.8) 46.3 (10.5) 51.3 (8.3) < 0.001 bc
SF-36 MCS**** 50.1 (9.9) 47.7 (11.6) 50.7 (8.7) 0.044 b
Continuous variables are presented as mean and standard deviation (SD), and group variables as numbers and per cent (%).
* Chi-square used to compare categorical data, and ANOVA with Bonferroni post hoc test used for continuous variables. Significant differences 
between the marked groups: a = wrist fracture patients vs. control group, b = hip fracture patient vs. control group, and c = wrist fracture patients 
vs. hip fracture patients. P-values marked with bold indicate statistically significant differences between the groups.
** Exercise more than 30 minutes three times a week.
*** Osteoporosis at total hip and/or spine L2–L4.
**** SF-36 scores range from 0 to 100, where 100 means perfect health.
Specific osteoporosis treatment: oestrogens, biphosponates, or selective oestrogen receptor modulators.
ART, antiresorptive treatment; BMI, body mass index; PCS, physical component summary; MCS, mental component summary.
Table 2: QOLS scores for relationship and marital well-being, health and functioning, and personal, social, and community 
commitment in wrist fracture patients, hip fracture patients, and controls. 
Wrist fracture patients Hip fracture patients Control group p value*
n = 181 n = 97 n = 226
QOLS
Total QOLS** 94.03 (10.65) 89.29 (10.98) 95.97 (9.20) < 0.001 bc
Relationship and marital well-being*** 31.24 (3.07) 29.67 (3.70) 31.75 (2.88) < 0.001 bc
Health and functioning*** 28.81 (4.15) 26.61 (5.09) 29.54 (3.77) <0.001 bc
Personal, social, and community commitment**** 33.97 (5.00) 32.70 (4.74) 34.57 (4.33) 0.006 b
Unadjusted means (SD)
Values are expressed as mean (SD).
* UNIANOVA. Significant differences between: a = wrist vs. control, b = hip vs. control, and c = wrist vs. hip. P-values marked with bold indicate 
statistically significant differences between the groups.
**The QOLS scores range from 16 to 112, where 112 means perfect QOL.
***Range 5–35, where 35 means high QOL.
****Range 6–42, where 42 means high QOL.Page 5 of 11
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patients and the controls (Table 2).
The effects sizes were moderate for the unadjusted differ-
ences in QOLS between the hip fracture group and the
control group (S-score = -0.62), relationship and marital
well-being (S-score = -0.64), and health and functioning
(S-score = -0.62).
Adjusted differences in GQOL between the fracture 
patients and controls prior to fracture
Adjusting for demographics, clinical fracture variables,
and health-focused QOL in the QOLS and the three sub-
dimensions produced no significant differences between
the wrist patients and the controls (Figure 1).
Adjusting for demographic and clinical fracture variables
decreased the differences in QOLS between the hip
patients and control groups, but the differences were still
significant (p < 0.001) (Figure 2). Adjusting for all demo-
graphics, clinical fracture variables, and health-focused
QOL reduced the differences between groups substan-
tially more (p = 0.001). The independent variables
explained 51.4% of the variance in QOLS (Table 3).
After adjusting for all demographics, clinical fracture vari-
ables, and health-focused QOL for the sub-dimension of
relationship and marital well-being, the differences
between the hip patients and controls remained signifi-
cant (p = 0.002) (Figure 2). The variables in the full model
explained 35.2% of the variance in relationship and mar-
ital well-being (Table 3). Adjusting for demographics and
clinical fracture variables in the sub-dimension of health
and functioning reduced the differences between groups
(p < 0.001) (Figure 2). After adjusting for all demograph-
ics, clinical fracture variables, and health-focused QOL in
the dimension of health and functioning, the differences
between the hip patients and controls remained signifi-
cant (p = 0.001). The independent variables in the full
model explained 59.3% of the variance in health and
functioning (Table 3), and most of the variance was
explained by the association with health-focused QOL
measured in the SF-36.
After adjusting all demographic, clinical fracture variables,
and health-focused QOL for the sub-dimension of per-
sonal, social, and community commitment, the differ-
ences between the hip patients and controls were not
significant (Table 3). The independent variables explained
24.9% of the variance in personal, social, and community
commitment.
Differences in QOL scores between comparison groups
were particularly pronounced at the lowest levels (tertile)
of MCS. The adjusted mean QOLS score was 69.5 in hip
patients, 74.2 in wrist patients, and 77.0 in controls. Dif-
ferences in QOLS between groups were substantially
smaller at higher levels of MCS (Figure 3).
Discussion
This is the first study to assess GQOL in patients with low-
energy wrist and hip fractures and to compare the scores
with age-and sex-matched controls. The hip fracture
patients reported lower GQOL before the fracture
occurred compared with controls. Adjusting for known
covariates of GQOL decreased these differences substan-
tially, but the differences between the hip fracture group
and controls remained significant. However, unadjusted
and adjusted GQOL scores before the fracture did not dif-
fer between the wrist patients and controls.
Adjusting for well-known predictors of QOLS such as age,
sex, education level, marital status, clinical characteristic,
and health-focused QOL reduced the differences between
the hip patients and controls in our study, but the differ-
ences remained significant [48-56]. We expected these
adjustments to eliminate or reduce the differences
between the hip patients and controls substantially more
than what we found. The remaining differences might be
explained by more co-morbidity and lower physical func-
tion caused by aging and age-related diseases in the hip
group, which were not captured by the SF-36.
The variance in QOLS and the three sub-dimensions
explained by health-focused QOL was substantial, espe-
cially the mental component. A strong association
between mental health and GQOL has been reported by
others [53,55-59]. In a meta-analysis of the QOL literature
that distinguished between QOL and health status, Smith
Differences between the controls and wrist fracture patients in unstandardized B/S-scores using multiple regression analy-sis to adjust the blocks of independent variablesFigu  1
Differences between the controls and wrist fracture 
patients in unstandardized B/S-scores using multiple 
regression analysis to adjust the blocks of independ-
ent variables.Page 6 of 11
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mental health than physical functioning when rating
GQOL. Our findings seem to be consistent with the meta-
analysis by Smith at al. [57].
Wilson and Cleary [20] proposed a model to classify dif-
ferent measures of health outcomes. They divided the out-
comes on a continuum comprising five levels: biological
and physiological factors, symptoms, functioning, general
health perception, and overall QOL. Patients' preferences
and emotional or psychological factors play important
roles at several points in the model and are particularly
important in understanding general health perceptions
and GQOL. In addition, perceptions of health appear to
Table 3: Regression analysis of demographics, clinical characteristics, and health status on QOLS and its sub-dimensions (transformed 
to Z-scores). 
Quality of life scale Relationship and marital 
well-being
Health and functioning Personal, social, and 
community commitment
Adjuste
d B
95% CI p value Adjuste
d B
95% CI p value Adjuste
d B
95% CI p value Adjuste
d B
95% 
CI
p value
Demograp
hic
Age* 0.14
(0.06, 
0.23)
0.001 0.14
(0.04, 
0.24)
0.008 0.12
(0.04, 
0.20)
0.002 0.10
(0.00, 
0.21)
0.051
Sex 0.30
(0.09, 
0.51)
0.005 0.21
(-0.04, 
0.45)
0.093 0.21
(0.02, 
0.41)
0.028 0.31
(0.05, 
0.56)
0.019
Education
< 10 yr
11–13 yr 0.20
(0.03, 
0.37)
0.021 0.18
(-0.02, 
0.38)
0.075 0.19
(0.04, 
0.34)
0.014 0.13
(-0.08, 
0.33)
0.230
> 13 yr 0.13
(-0.07, 
0.32)
0.211 0.07
(-0.17, 
0.30)
0.566 0.11
(-0.08, 
0.29)
0.251 0.13
(-0.12, 
0.37)
0.308
Marital 
status
-0.16
(-0.32, -
0.003)
0.045 -0.35
(-0.53, -
0.16)
< 0.001 -0.12
(-0.26, 
0.03)
0.113 -0.003
(-0.20, 
0.19)
0.975
Clinical
Wrist 
fracture
-0.15
(-0.31, 
0.02)
0.077 -0.05
(-0.24, 
0.14)
0.592 -0.10
(-0.25, 
0.05)
0.178 -0.17
(-0.37, 
0.03)
0.099
Hip fracture -0.37
(-0.59, -
0.15)
0.001 -0.41
(-0.67, -
0.16)
0.002 -0.33
(-0.53, -
0.14)
0.001 -0.23
(-0.49, 
0.04)
0.096
Osteoporos
is**
0.003
(-0.17, 
0.18)
0.975 0.02
(-0.19, 
0.22)
0.872 0.04
(-0.12, 
0.19)
0.635 0.004
(-0.21, 
0.22)
0.967
≥ 1 fall in 
the last year
0.01
(-0.14, 
0.16)
0.908 0.10
(-0.08, 
0.27)
0.275 0.04
(-0.09, 
0.18)
0.542 -0.09
(-0.27, 
0.09)
0.342
Health-
focused 
QOL
ZPCS*** 0.38
(0.30, 
0.45)
< 0.001 0.22
(0.13, 
0.31)
< 0.001 0.48
(0.41, 
0.55)
< 0.001 0.25
(0.16, 
0.35)
< 0.001
ZMCS*** 0.51
(0.44, 
0.59)
< 0.001 0.45
(0.37, 
0.54)
< 0.001 0.49
(0.42, 
0.56)
< 0.001 0.39
(0.30, 
0.47)
< 0.001
R2adjusted 51.4% 35.2% 59.3% 24.9%
Adjusted unstandardized regression coefficients, 95% CI, p values, and multiple R2 for the full model.
P-values marked with bold indicate statistically significant p-values.
* Age in decades.
** Osteoporosis at total hip and/or spine L2–L4.
*** ZPCS, physical component summary transformed to Z-score; ZMCS, mental component summary transformed to Z-score.Page 7 of 11
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effects on GQOL [49]. Although we did not include meas-
ures of patients' preferences and emotional factors in our
analysis, our data seem to coincide with the pattern
described by Wilson and Cleary. The associations pro-
posed in their model may explain the strong correlation
between the health-focused QOL and GQOL and the
weak correlation between clinical fracture characteristics
and GQOL in our study. Both Osoba [18] and Ferrans et
al [17] present adjusted Wilson and Cleary [20] models,
emphasizing the bidirectional relationship between
health- focused QOL and GQOL (and the other health
outcomes in the model), which is also seen in our study.
However health-focused and global-QOL are distinct as
health-focused QOL centres on the individual's experi-
ence of general state of health, such as physical, social,
and mental well-being, while GQOL focuses on the indi-
vidual's satisfaction with life as a whole [17,18,60].
Our study has some limitations, which should be consid-
ered when interpreting the findings. The patients were
asked to evaluate their "pre-fracture" GQOL after the frac-
ture had occurred. Changes in health, such as experienc-
ing a fracture, might cause a shift in how the patients
judged their GQOL (selective reporting bias and response
shift) [61]. On the other hand, patients who have experi-
enced a recent change in health are more likely to make
accurate responses [5,16]. Furthermore, have a short time
span since events shown be important to report more
accurate QOL [62,63]. The questionnaire was designed
with a clear instruction that the patients should think of
the period before the fracture, and in most of the patients,
GQOL was assessed within the first two weeks after the
fracture. It seems unlikely that the patients were unable to
recall their GQOL immediately before and at the time of
the fracture. Furthermore, the method used to in our study
to assess GQOL the week before fracture, seems to be the
most realistic and appropriate alternative.
The patients were asked to describe their GQOL at the
time before the fracture, whilst health-focused QOL was
more specifically restricted to the 4 weeks before the frac-
ture [21,35,43,60]. The restricted time span with regard to
health-focused QOL assessment could raise doubts
regarding, the prudence of measuring GQOL and health-
focused QOL within the same time before the fracture.
Studies have shown that patients tend to think of the time
before the event regardless of the instructions specifying
"the time before" the event (fracture) or "the four weeks
before" the event (fracture) [63-65]. Furthermore, both
questionnaires were followed by the instruction to relate
to the time before the fracture occurred [16,62,63].
We chose to use imputation techniques with regard to
missing values in the QOLS questionnaire when at least
80% of the items had valid response. Some doubts have
been raised regarding this technique, because of the
underlying assumptions. However, it should be empha-
sized that failing to impute missing data also involves
making assumptions and may have negative conse-
quences. Patients failing to respond one or more items are
then deleted as non-responders in furthur analyses,
thereby reducing statistical power and possibly biasing
the sample being analyzed [16].
All patients included in the study were identified at the
hospital, which is the only referral centre for orthopaedic
trauma in the region. Hence, the external validity of the
Differences between the controls and hip fracture patients in unstandardized B/S-scores using multiple regression analy is to adjust the blocks of indepe dent var abl sFigu  2
Differences between the controls and hip fracture 
patients in unstandardized B/S-scores using multiple 
regression analysis to adjust the blocks of independ-
ent variables.
Interaction between MCS and patient group or control groupFig re 3
Interaction between MCS and patient group or con-
trol group.
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fracture patients (n = 271) did not fulfil the inclusion cri-
teria. Closer examination showed that most of these
patients were nursing home residents who suffered from
dementia, confusion, or severe diseases, and they were
older than the participants. Hence, it is likely that the
excluded hip fracture patients had more impaired health
than those included in the present study and that the
results for the hip fracture patients may be generalized
only to people residing in their own homes. The patients
unwilling to participate in the study were older than the
participants were. Younger patients might be more aware
of the benefits of participating in a study like this. The
older age of the patients who were unwilling to participate
might also be related to aging and age-related diseases in
this group, and we probably reached the most healthy
fracture patients [66].
The findings in our study are based on fewer participants
less in the hip group than in the wrist group, and hip
patients are slightly older than wrist patients. Even
thought both wrist and hip fractures are strongly associ-
ated with objective health factors like osteoporosis and
falls, we found that wrist and hip fracture patients are
quite different with regard to demographics and clinical
variables. However, when comparing wrist fracture
patients versus controls and hip fracture patients versus
controls with regard to GQOL, known covariates of
GQOL like age, sex, education, marital status, clinical var-
iables and health-focused QOL were adjusted for in the
multivariate analysis. Such adjustments allows for a more
meaningful comparison of GQOL between fracture
patients and controls by removing the possible effects of
"confounders" (common underlying causes) of GQOL
and group membership [42]. Rather than aiming for a
study population with "balanced" comparison groups
with the same number of participants in each, we
included all eligible participants, thus decreasing confi-
dence intervals and increasing statistical power [42].
Hip fracture patients had a lower GQOL even before the
fracture occurred, and they seemed to be less satisfied with
life as a whole. GQOL assessment seems to add knowl-
edge to the complexity of the conditions prior to fracture,
and decreased GQOL in elderly seem to be an independ-
ent associate of low energy hip fracture. Decreased GQOL
have been identified as an associate of other diseases and
conditions as well [56]. However, our findings suggest
that by identifying patients with low GQOL, in addition
to other known risk factors for hip fracture, may rise the
probability to target preventive health care activities. Pre-
ventive programmes might include efforts to help reduce
the tendency to fall, improve the patient's diet and help
him or her stop smoking, increase physical activity [2],
and promote better GQOL.
It is unknown how low GQOL before a fracture occurs
influences rehabilitation after the fracture, and prospec-
tive studies are needed to answer this question. This
knowledge would help healthcare providers develop and
initiate prevention and rehabilitation efforts.
Conclusion
This is the first study to compare GQOL in patients with a
low-energy wrist fracture or hip fracture with GQOL
scores in matched controls. The hip fracture patients
reported lower GQOL before the fracture, even after
adjusting for known predictors of GQOL. The current
state of research may leave opportunities to identify
groups of individuals who might benefit from prevention
efforts.
Abbreviations
BMD: bone mineral density; BMI: body mass index; DXA:
dual-energy X-ray, absorptiometry; GQOL: global quality
of life; MCS: mental component summary; PCS: physical
component summary; SF-36: Short Form-36; QOL: qual-
ity of life; QOLS: Quality of Life Scale; WHO: World
Health Organization
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
GR initiated this paper as a part of a larger study of fracture
patients, collected and analyzed the data and wrote the
manuscript. GH was the principal investigator for the
research program in patients with low energy wrist and
hip fracture. AM supervised GR during the analyzes and
drafting of the paper. TM provided statistical advice. AKW
supervised GR during the analyzes and drafting of the
paper. All authors critiqued revisions of the paper and
approved the final manuscript
Acknowledgements
We appreciate the expert technical assistance and help with the data col-
lection of our osteoporosis nurses Ann Haestad, Hanne Vestaby, Tove 
Kjoestvedt, and Aase Birkedal. Gudrun Rohde is a recipient of a research 
career grant from The Competence Development Fund of Southern Nor-
way, Sorlandet Hospital HF and Health Southern Norway Regional Trust.
References
1. Albrand G, Munoz F, Sornay-Rendu E, DuBoeuf F, Delmas PD: Inde-
pendent predictors of all osteoporosis-related fractures in
healthy postmenopausal women: the OFELY study.  Bone
2003, 32:78-85.
2. Cummings SR: Treatable and untreatable risk factors for hip
fracture.  Bone 1996, 18:165S-167S.
3. Falch JA, Meyer HE: [Hip fracture mortality].  Tidsskr Nor Laege-
foren 1998, 118:3674.
4. Greenspan SL, Myers ER, Maitland LA, Resnick NM, Hayes WC: Fall
severity and bone mineral density as risk factors for hip frac-
ture in ambulatory elderly.  JAMA 1994, 271:128-133.
5. van HS, van Geel AC, Geusens PP, Kessels A, Nieuwenhuijzen Kruse-
man AC, Brink PR: Bone and fall-related fracture risks inPage 9 of 11
(page number not for citation purposes)
Health and Quality of Life Outcomes 2008, 6:90 http://www.hqlo.com/content/6/1/90women and men with a recent clinical fracture.  J Bone Joint
Surg Am 2008, 90:241-248.
6. Wei TS, Hu CH, Wang SH, Hwang KL: Fall characteristics, func-
tional mobility and bone mineral density as risk factors of hip
fracture in the community-dwelling ambulatory elderly.
Osteoporos Int 2001, 12:1050-1055.
7. Falch JA: Epidemiology of fractures of the distal forearm in
Oslo, Norway.  Acta Orthop Scand 1983, 54:291-295.
8. Falch JA, Ilebekk A, Slungaard U: Epidemiology of hip fractures in
Norway.  Acta Orthop Scand 1985, 56:12-16.
9. Lofthus CM, Osnes EK, Falch JA, Kaastad TS, Kristiansen IS, Nords-
letten L, et al.: Epidemiology of hip fractures in Oslo, Norway.
Bone 2001, 29:413-418.
10. Lofthus CM, Frihagen F, Meyer HE, Nordsletten L, Melhuus K, Falch
JA: Epidemiology of distal forearm fractures in Oslo, Norway.
Osteoporos Int 2008, 19(6):781-786.
11. Melton LJ III, Chrischilles EA, Cooper C, Lane AW, Riggs BL: Per-
spective. How many women have osteoporosis?  J Bone Miner
Res 1992, 7:1005-1010.
12. Statistisk sentralbyrå: Eldre i Norge. Statistical analyssis (SA 32) Oslo:
Statistisk sentralbyrå; 1999. 
13. Cumming RG, Nevitt MC, Cummings SR: Epidemiology of hip
fractures.  Epidemiol Rev 1997, 19:244-257.
14. Cummings SR, Kelsey JL, Nevitt MC, O'Dowd KJ: Epidemiology of
osteoporosis and osteoporotic fractures.  Epidemiol Rev 1985,
7:178-208.
15. van Helden S, Cals J, Kessels F, Brink P, Dinant GJ, Geusens P: Risk
of new clinical fractures within 2 years following a fracture.
Osteoporos Int 2006, 17:348-354.
16. Fayers PM, Machin D: Quality of life: the assessment, analysis and inter-
pretation of patient-reported outcomes Chichester: John Wiley; 2007. 
17. Ferrans CE, Zerwic JJ, Wilbur JE, Larson JL: Conceptual model of
health-related quality of life.  J Nurs Scholarsh 2005, 37:336-342.
18. Osoba D: Translating the science of patient-reported out-
comes assessment into clinical practice.  J Natl Cancer Inst
Monogr 2007:5-11.
19. Sirgy MJ: The psychology of quality of life Dordrecht; Boston: Kluwer
Academic Publishers; 2002. 
20. Wilson IB, Cleary PD: Linking clinical variables with health-
related quality of life. A conceptual model of patient out-
comes.  JAMA 1995, 273:59-65.
21. Burckhardt CS, Anderson KL, Archenholtz B, Hagg O: The Flana-
gan Quality of Life Scale: Evidence of Construct Validity.
Health Qual Life Outcomes 2003, 1:59.
22. Ferrans CE: Conceptualizations of quality of life in cardiovas-
cular research.  Prog Cardiovasc Nurs 1992, 7:2-6.
23. Bergland A, Wyller TB: Risk factors for serious fall related injury
in elderly women living at home.  Inj Prev 2004, 10:308-313.
24. Cummings SR, Melton LJ: Epidemiology and outcomes of oste-
oporotic fractures.  Lancet 2002, 359:1761-1767.
25. Jacobsen SJ, Sargent DJ, Atkinson EJ, O'Fallon WM, Melton LJ III: Pop-
ulation-based study of the contribution of weather to hip
fracture seasonality.  Am J Epidemiol 1995, 141:79-83.
26. Rogmark C, Sernbo I, Johnell O, Nilsson JA: Incidence of hip frac-
tures in Malmo, Sweden, 1992–1995. A trend-break.  Acta
Orthop Scand 1999, 70:19-22.
27. Mallmin H, Ljunghall S, Persson I, Naessen T, Krusemo UB, Bergstrom
R: Fracture of the distal forearm as a forecaster of subse-
quent hip fracture: a population-based cohort study with 24
years of follow-up.  Calcif Tissue Int 1993, 52:269-272.
28. O'neill TW, Cooper C, Finn JD, Lunt M, Purdie D, Reid DM, et al.:
Incidence of distal forearm fracture in British men and
women.  Osteoporos Int 2001, 12:555-558.
29. Brenneman SK, Barrett-Connor E, Sajjan S, Markson LE, Siris ES:
Impact of recent fracture on health-related quality of life in
postmenopausal women.  J Bone Miner Res 2006, 21:809-816.
30. Pande I, Scott DL, O'neill TW, Pritchard C, Woolf AD, Davis MJ:
Quality of life, morbidity, and mortality after low trauma hip
fracture in men.  Ann Rheum Dis 2006, 65:87-92.
31. Randell AG, Nguyen TV, Bhalerao N, Silverman SL, Sambrook PN,
Eisman JA: Deterioration in quality of life following hip frac-
ture: a prospective study.  Osteoporos Int 2000, 11:460-466.
32. Tidermark J, Bergstrom G, Svensson O, Tornkvist H, Ponzer S:
Responsiveness of the EuroQol (EQ 5-D) and the SF-36 in
elderly patients with displaced femoral neck fractures.  Qual
Life Res 2003, 12:1069-1079.
33. McLellan AR, Gallacher SJ, Fraser M, McQuillian C: The fracture
liaison service: success of a program for the evaluation and
management of patients with osteoporotic fracture.  Oste-
oporos Int 2003, 14:1028-1034.
34. Consensus development conference: diagnosis, prophylaxis,
and treatment of osteoporosis.  Am J Med 1993, 94:646-650.
35. Burckhardt CS, Woods SL, Schultz AA, Ziebarth DM: Quality of life
of adults with chronic illness: a psychometric study.  Res Nurs
Health 1989, 12:347-354.
36. Burckhardt CS, Archenholtz B, Bjelle A: Measuring the quality of
life of women with rheumatoid arthritis or systemic lupus
erythematosus: a Swedish version of the Quality of Life Scale
(QOLS).  Scand J Rheumatol 1992, 21:190-195.
37. Burckhardt CS, Archenholtz B, Bjelle A: Quality of life of women
with systemic lupus erythematosus: a comparison with
women with rheumatoid arthritis.  J Rheumatol 1993,
20:977-981.
38. Flanagan JC: A research approach to improving our quality of
life.  American Psychologist 1978, 33:147.
39. Liedberg GM, Burckhardt CS, Henriksson CM: Validity and relia-
bility testing of the Quality of Life Scale, Swedish version in
women with fibromyalgia – statistical analyses.  Scand J Caring
Sci 2005, 19:64-70.
40. Grov EK, Dahl AA, Fossa SD, Wahl AK, Moum T: Global quality of
life in primary caregivers of patients with cancer in palliative
phase staying at home.  Support Care Cancer 2006, 14:943-951.
41. Wahl A, Burckhardt C, Wiklund I, Hanestad BR: The Norwegian
version of the Quality of Life Scale (QOLS-N). A validation
and reliability study in patients suffering from psoriasis.
Scand J Caring Sci 1998, 12:215-222.
42. Altman DG: Practical statistics for medical research London; New York:
Chapman and Hall; 2006. 
43. Ware JE Jr, Snow KK, Kosinski MA, Gandek MS: SF-36 Health Survey
Manual & Interpretation Guide Boston: Massachusetts: New England
Medical Centre, The Health Institute; 1993. 
44. Ware JE Jr, Kosinski MA, Keller SD: SF-36 Physical and Mental health
Summery Scale: A User's Manual Boston: Massachusetts: New England
Medical Centre, The Health Institute; 1994. 
45. Loge JH, Kaasa S: Short form 36 (SF-36) health survey: norma-
tive data from the general Norwegian population.  Scand J Soc
Med 1998, 26:250-258.
46. Loge JH, Kaasa S, Hjermstad MJ, Kvien TK: Translation and per-
formance of the Norwegian SF-36 Health Survey in patients
with rheumatoid arthritis. I. Data quality, scaling assump-
tions, reliability, and construct validity.  J Clin Epidemiol 1998,
51:1069-1076.
47. Cohen J: Statistical power analysis for the behavioral sciences Hillsdale, N.
J.: Laurence Erlbaum; 1988. 
48. Diener E, Diener M, Diener C: Factors predicting the subjective
well-being of nations.  J Pers Soc Psychol 1995, 69:851-864.
49. Diener E, Suh EM, Lucas RE, Smith HL: Subjective well-being:
Three decades of progress. [References].  Psychological Bulletin,
American Psychological Assn 1999, 125(2):276-302.
50. Headey B, Veenhoven R, Wearing A: Top-down versus bottom-
up theories of subjective well-being.  In Social Indicators Research
Volume 24. Issue 1 Springer; 1991:81-100. 
51. Langeland E, Wahl AK, Kristoffersen K, Nortvedt MW, Hanestad BR:
Quality of Life Among Norwegians with Chronic Mental
Health Problems Living in the Community versus the Gen-
eral Population.  Community Ment Health J 2007.
52. Mastekaasa A: Marriage and psychological well-being: Some
evidence on selection into marriage. [References].  In Journal
of Marriage & the Family Volume 54. Issue 4 Blackwell Publishing;
1992:901-911. 
53. Moi AL, Wentzel-Larsen T, Salemark L, Wahl AK, Hanestad BR:
Impaired generic health status but perception of good qual-
ity of life in survivors of burn injury.  J Trauma 2006, 61:961-968.
54. Moum T, Naess S, Sorensen T, Tambs K, Holmen J: Hypertension
labelling, life events and psychological well-being.  Psychol Med
1990, 20:635-646.
55. Wahl AK: Quality of life and coping among patients suffering from psoria-
sis Bergen: Department of Public Health and Primary Health Care.
Division for Nursing Science, University of Bergen; 1999. 
56. Wahl AK, Rustoen T, Hanestad BR, Lerdal A, Moum T: Quality of
life in the general Norwegian population, measured by thePage 10 of 11
(page number not for citation purposes)
Health and Quality of Life Outcomes 2008, 6:90 http://www.hqlo.com/content/6/1/90Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Quality of Life Scale (QOLS-N).  Qual Life Res 2004,
13:1001-1009.
57. Smith KW, Avis NE, Assmann SF: Distinguishing between quality
of life and health status in quality of life research: a meta-
analysis.  Qual Life Res 1999, 8:447-459.
58. Haltbakk J, Hanestad BR, Hunskaar S: Use and misuse of the con-
cept of quality of life in evaluating surgical treatments for
lower urinary tract symptoms.  BJU Int 2003, 91:380-388.
59. Haltbakk J, Hanestad BR, Hunskaar S: How important are men's
lower urinary tract symptoms (LUTS) and their impact on
the quality of life (QOL)?  Qual Life Res 2005, 14:1733-1741.
60. Burckhardt CS, Anderson KL: The Quality of Life Scale (QOLS):
Reliability, Validity, and Utilization.  Health Qual Life Outcomes
2003, 1:60.
61. Sprangers MA, Schwartz CE: Integrating response shift into
health-related quality of life research: a theoretical model.
Soc Sci Med 1999, 48:1507-1515.
62. Perneger TV, Etter JF, Rougemont A: Prospective versus retro-
spective measurement of change in health status: a commu-
nity based study in Geneva, Switzerland.  J Epidemiol Community
Health 1997, 51:320-325.
63. Schmier JK, Halpern MT: Patient recall and recall bias of health
state and health status.  Pharmacoeconomics Outcome Res 2004,
2:159-163.
64. Brown JB, Adams ME: Patients as reliable reporters of medical
care process. Recall of ambulatory encounter events.  Med
Care 1992, 30:400-411.
65. Litwin MS, McGuigan KA: Accuracy of recall in health-related
quality-of-life assessment among men treated for prostate
cancer.  J Clin Oncol 1999, 17:2882-2888.
66. Rockwood K, Stolee P, Robertson D, Shillington ER: Response bias
in a health status survey of elderly people.  Age Ageing 1989,
18:177-182.Page 11 of 11
(page number not for citation purposes)
